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Sub, jec t ive  P r o b a b i l i t y  F o r e c a s t i n g  i n  t h e  Real  World: 
Some Expe r imen ta l  R e s u l t s *  
A l l an  H .  Murphy** and Robert  L. Winkler t**  
A b s t r a c t  
Three exper iments  i n  s u b j e c t i v e  p r o b a b i l i t y  f o r e c a s t i n g  
were des igned ,  and t h e s e  expe r imen t s  were conducted  i n  f o u r  
f o r e c a s t  o f f i c e s  o f  t h e  U.S. N a t i o n a l  Weather S e r v i c e .  
The f i r s t  exper iment  i n v o l v e d  c r e d i b l e  i n t e r v a l  t empera tu re  
f o r e c a s t s ,  t h e  second exper iment  i nvo lved  p o i n t  and a r e a  
p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s ,  and t h e  t h i r d  
exper iment  i nvo lved  t h e  e f f e c t  of gu idance  f o r e c a s t s  on 
p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s .  I n  each  c a s e ,  some 
background m a t e r i a l  i s  p r e s e n t e d ;  t h e  d e s i g n  o f  t h e  
exper iment  d i s c u s s e d ;  some p r e l i m i n a r y  r e s u l t s  o f  t h e  
exper iment  a r e  p r e s e n t e d ;  and some i m p l i c a t i o n s  of t h e  
exper iment  and t h e  r e s u l t s  f o r  p r o b a b i l i t y  f o r e c a s t i n g  i n  
g e n e r a l  and p r o b a b i l i t y  f o r e c a s t i n g  i n  meteorology i n  
p a r t i c u l a r  a r e  d i s c u s s e d .  
1. I n t r o d u c t i o n  
Cons ide rab l e  i n t e r e s t  e x i s t s  among s t a t i s t i c i a n s ,  d e c i s i o n  
t h e o r i s t s ,  p s y c h o l o g i s t s ,  and o t h e r s  i n  human b e h a v i o r  i n  
*This  pape r  w i l l  appea r  i n  t h e  P roceed ings  o f  t h e  
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We g r a t e f u l l y  acknowledge t h e  c o o p e r a t i o n  of  t h e  NWS 
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i n f e r e n t i a l  and dec is ion-making  s i t u a t i o n s .  Th i s  i n t e r e s t  
i s  ev idenced  by t h e  amount of  r e s e a r c h  conducted  i n  t h i s  a r e a  
i n  t h e  p a s t  decade .  The r e s e a r c h  h a s  c o n s i s t e d  l a r g e l y  of  
e x p e r i m e n t a l  work, most of  which h a s  i nvo lved  pu rpose ly  s i m p l e ,  
a r t i f i c i a l ,  l a b o r a t o r y  s i t u a t i o n s .  Such s imp le  s i t u a t i o n s  a r e  
ea sy  t o  d e a l  w i t h  i n  te rms  of  i s o l a t i n g  c e r t a i n  f a c t o r s  of  
i n t e r e s t  and t h e y  a r e  ea sy  t o  e x p l a i n  t o  t y p i c a l  s u b j e c t s ,  
who do no t  need t o  p o s s e s s  any p a r t i c u l a r  e x p e r t i s e .  However, 
t h e i r  ve ry  s i m p l i c i t y  and a r t i f i c i a l i t y  makes t h e  j u s t i f i c a t i o n  
f o r  g e n e r a l i z i n g  t h e  r e s u l t s  of  t h e s e  expe r imen t s  t o  more 
r e a l i s t i c  i n f e r e n t i a l  and dec is ion-making  s i t u a t i o n s  
q u e s t i o n a b l e .  I n  Winkler  and Murphy [lo] we d i s c u s s  some 
o f  t h e  d i f f i c u l t i e s  i n h e r e n t  i n  e x p e r i m e n t a t i o n  i n  r e a l i s t i c  
s e t t i n g s ,  s u g g e s t  p o s s i b l e  p rocedures  f o r  a v o i d i n g  o r  a t  
l e a s t  a l l e v i a t i n g  such  d i f f i c u l t i e s ,  and make a  p l e a  f o r  
more r e a l i s t i c  expe r imen t s .  
Meteorology i s  a p p a r e n t l y  s t i l l  t h e  on ly  f i e l d  i n  which 
p r o b a b i l i t y  f o r e c a s t s  a r e  i s s u e d  t o  t h e  p u b l i c  on a  r e g u l a r ,  
o p e r a t i o n a l  b a s i s ,  and t h e  f o r e c a s t e r s  o f  t h e  U.S. N a t i o n a l  
Weather S e r v i c e  (NWS) r e p r e s e n t  a l a r g e  group of  e x p e r t s  who 
make p r o b a b i l i t y  f o r e c a s t s  d a i l y .  (Fo r  a r e c e n t  rev iew o f  
p r o b a b i l i t y  f o r e c a s t i n g  i n  meteoro logy,  r e f e r  t o  Murphy [4] 
o r  J u l i a n  and Murphy [ 3 ] . )  T h e r e f o r e ,  meteoro logy i s  a n  i d e a l  
s e t t i n g  f o r  r e a l i s t i c  expe r imen t s ,  and a l a r g e  p o o l  of  
p o t e n t i a l  s u b j e c t s  i s  a v a i l a b l e .  We des igned  t h r e e  expe r imen t s  
i n  s u b j e c t i v e  p r o b a b i l i t y  f o r e c a s t i n g  and conducted  t h e s e  
expe r imen t s  i n  f o u r  Weather S e r v i c e  F o r e c a s t  O f f i c e s  (WSFOs) 
of t h e  NWS. The f i r s t  exper iment  i n v o l v e d  c r e d i b l e  i n t e r v a l  
t e m p e r a t u r e  f o r e c a s t s ,  t h e  second exper iment  i nvo lved  p o i n t  
and a r e a  p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s ,  and t h e  t h i r d  
exper iment  i n v o l v e d  t h e  e f f e c t  o f  gu idance  f o r e c a s t s  on 
p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s .  
The t h r e e  expe r imen t s  a r e  d i s c u s s e d  i n  S e c t i o n s  2 ,  3 ,  
and 4 o f  t h i s  pape r .  I n  each  c a s e ,  some background m a t e r i a l  
i s  p r e s e n t e d ;  t h e  des ign  o f  t h e  exper iment  i s  d i s c u s s e d ;  some 
r e s u l t s  o f  t h e  exper iment  a r e  p r e s e n t e d ;  and some i m p l i c a t i o n s  
o f  t h e  exper iment  and t h e  r e s u l t s  f o r  p r o b a b i l i t y  f o r e c a s t i n g  
i n  g e n e r a l  and p r o b a b i l i t y  f o r e c a s t i n g  i n  meteoro logy i n  
p a r t i c u l a r  a r e  d i s cus sed . '  S e c t i o n  5  c o n t a i n s  a  b r i e f  
s urnmary . 
2. An Experiment  Regard ing  C r e d i b l e  I n t e r v a l  Temperature 
F o r e c a s t s  
a )  C r e d i b l e  I n t e r v a l  Temperature F o r e c a s t s  
I n  p r o b a b i l i t y  f o r e c a s t i n g  i n  meteoro logy,  f o r e c a s t s  o f  
p r e c i p i t a t i o n  occu r r ence  have r e c e i v e d  t h e  g r e a t e s t  a t t e n t i o n .  
The u s e  o f  p r o b a b i l i t i e s  i n  f o r e c a s t i n g  p r e c i p i t a t i o n  
o c c u r r e n c e  h a s  been  an  o p e r a t i o n a l  p rocedure  i n  t h e  NWS s i n c e  
1965.  Of c o u r s e ,  p r e c i p i t a t i o n  o c c u r r e n c e  l e n d s  i t s e l f  q u i t e  
w e l l  t o  t h e  use  o f  p r o b a b i l i t i e s ,  s i n c e  t h i s  v a r i a b l e  is a  
s i m p l e  dichotomy. A s  a  r e s u l t ,  on ly  a  s i n g l e  p r o b a b i l i t y  
i s  needed t o  e x p r e s s  a  f o r e c a s t e r ' s  u n c e r t a i n t y  about  t h e  
o c c u r r e n c e  o f  p r e c i p i t a t i o n .  
A con t inuous  v a r i a b l e  such  a s  t empera tu re  r e q u i r e s  a  
d i f f e r e n t  t y p e  o f  p r o b a b i l i t y  f o r e c a s t  t h a n  does a  dichotomous 
v a r i a b l e  such  a s  p r e c i p i t a t i o n  o c c u r r e n c e .  I d e a l l y ,  an  e n t i r e  
p r o b a b i l i t y  d i s t r i b u t i o n  would be a s s e s s e d ,  b u t  such  a  
d i s t r i b u t i o n  i s  not  p r a c t i c a l  i n  t e rms  of t h e  t ime  r e q u i r e d  
of t h e  f o r e c a s t e r  o r  i n  te rms  o f  r e p o r t i n g  t o  t h e  g e n e r a l  
p u b l i c .  One way t o  summarize a  p r o b a b i l i t y  d i s t r i b u t i o n  i s  
i n  t e rms  o f  one o r  more c r e d i b l e  i n t e r v a l s ,  which a r e  
i n t e r v a l s  o f  v a l u e s  o f  t h e  v a r i a b l e s  o f  i n t e r e s t  ( h e r e ,  
maximum and minimum t e m p e r a t u r e )  t o g e t h e r  w i t h  t h e  
p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  t h e  i n t e r v a l s .  The c u r r e n t  
o p e r a t i o n a l  p rocedure  i n  f o r e c a s t i n g  t empera tu re  i s  t o  g i v e  
e i t h e r  a  p o i n t  f o r e c a s t  o r  a n  i n t e r v a l  f o r e c a s t .  However, 
a  p r o b a b i l i t y  i s  not a s s e s s e d  f o r  t h e  i n t e r v a l ,  s o  t h a t  
u s e r s  of  t h e  f o r e c a s t s  a r e  unable  t o  "measure" t h e  u n c e r t a i n t y  
i n h e r e n t  i n  any p a r t i c u l a r  i n t e r v a l  f o r e c a s t .  
Given t h a t  c r e d i b l e  i n t e r v a l s  a r e  t o  be used i n  f o r e -  
c a s t i n g  maximum ( h i g h )  and minimum (low) t e m p e r a t u r e ,  t h e  
n e x t  q u e s t i o n  concerns  t h e  s e l e c t i o n  o f  p a r t i c u l a r  i n t e r v a l s .  
I n  an  e a r l i e r  expe r imen t ,  P e t e r s o n ,  Snapper ,  and Murphy [7] 
used  v a r i a b l e - w i d t h  c r e d i b l e  i n t e r v a l s  i n  t empera tu re  f o r e -  
c a s t i n g .  Va r i ab l e -wid th  c r e d i b l e  i n t e r v a l s  a r e  i n t e r v a l s  
f o r  which t h e  p r o b a b i l i t y  i s  f i x e d  i n  advance b u t  t h e  wid th  
o f  t h e  i n t e r v a l  w i l l  vary  from s i t u a t i o n  t o  s i t u a t i o n .  Fo r  
i n s t a n c e ,  i f  t h e  p r o b a b i l i t y  i s  f i x e d  a t  0 .50 ,  on some 
o c c a s i o n s  a  50% c r e d i b l e  i n t e r v a l  f o r  h i g h  o r  low t empera tu re  
w i l l  b e  on ly  2' wide ,  w h i l e  on o t h e r  o c c a s i o n s  t h e  i n t e r v a l  
may be  5' wide ( a l l  t e m p e r a t u r e s  i n  t h i s  pape r  a r e  e x p r e s s e d  
i n  OF). 
An obvious  a l t e r n a t i v e  t o  va r i ab l e -wid th  f o r e c a s t s  
i s  a  f o r e c a s t  f o r  which t h e  w i d t h  of  t h e  i n t e r v a l  i s  f i x e d  
b u t  which a l l o w s  t h e  f o r e c a s t e r  t o  va ry  t h e  p r o b a b i l i t y  
a s s o c i a t e d  w i t h  t h e  i n t e r v a l .  Fo r  i n s t a n c e ,  t h e  f o r e c a s t e r  
might  be asked  t o  r e p o r t  a  c r e d i b l e  i n t e r v a l  t h a t  i s  e x a c t l y  
5 ' w i d e .  I n  some s i t u a t i o n s  t h e  p r o b a b i l i t y  of  such  an 
i n t e r v a l  might be  0.50,  whereas i n  o t h e r  s i t u a t i o n s  t h e  
p r o b a b i l i t y  might  be 0 .90 .  Such a  f o r e c a s t  w i l l  be c a l l e d  
a  f i xed -wid th  c r e d i b l e  i n t e r v a l .  
P e t e r s o n ,  Snapper ,  and Murphy [7, p .  9691 concluded t h a t  
"weather  f o r e c a s t e r s  can  u s e  c r e d i b l e  i n t e r v a l s  t o  d e s c r i b e  t h e  
u n c e r t a i n t y  i n h e r e n t  i n  t h e i r  t e m p e r a t u r e  f o r e c a s t s . "  The 
exper iment  r e p o r t e d  i n  t h i s  s e c t i o n  was des igned  t o  i n v e s t i g a t e  
f u r t h e r  t h e  a b i l i t y  o f  f o r e c a s t e r s  t o  u se  c r e d i b l e  i n t e r v a l s  
i n  t e m p e r a t u r e  f o r e c a s t i n g  and t o -  compare two approaches  
( v a r i a b l e - w i d t h  i n t e r v a l s  and f i xed -wid th  i n t e r v a l s )  t o  
c r e d i b l e  i n t e r v a l  t empera tu re  f o r e c a s t i n g .  
b )  Design o f  t h e  Experiment  
The s u b j e c t s  i n  t h e  exper iment  were f o u r  expe r i enced  
wea the r  f o r e c a s t e r s  from t h e  WSFO a t  Denver, Colorado.  Each 
t ime  t h e  f o r e c a s t e r s  were on p u b l i c  wea the r  f o r e c a s t i n g  d u t y ,  
t h e y  made f o r e c a s t s  o f  h i g h  and low t e m p e r a t u r e s .  On t h e  
day s h i f t ,  t h e  f o r e c a s t s  were f o r  " t o n i g h t ' s  low" and 
t ' tomorrowts  h igh , "  whereas on t h e  midnight  s h i f t  t h e  f o r e -  
c a s t s  were f o r  " t o d a y ' s  high" and " t o n i g h t ' s  low." Because 
t h e  f o r e c a s t e r s '  s c h e d u l e s  r o t a t e d  them t o  o t h e r  d u t i e s  
( e . g .  a v i a t i o n  f o r e c a s t i n g )  on a  r e g u l a r  b a s i s  and because  o f  
v a c a t i o n s  and o t h e r  l e a v e s ,  more t h a n  s i x  months were r e q u i r e d  
t o  o b t a i n  t h i r t y  o r  more s e t s  of  f o r e c a s t s  from each  
p a r t i c i p a n t .  The d a t a  ana lyzed  h e r e  were c o l l e c t e d  ove r  a  
p e r i o d  from August 1972 t o  March 1973, and t h e  f o u r  
p a r t i c i p a n t s  made 30, 31, 32, and 34 s e t s  of f o r e c a s t s ,  
r e s p e c t i v e l y .  
Two of  t h e  f o r e c a s t e r s  worked w i t h i n  t h e  framework o f  
v a r i a b l e - w i d t h ,  f i x e d - p r o b a b i l i t y  f o r e c a s t s ,  u s i n g  50% and 
75% c e n t r a l  c r e d i b l e  i n t e r v a l s .  ( A  " c e n t r a l "  c r e d i b l e  
i n t e r v a l  i s  d c f i n e d  a s  an i n t e r v a l  f o r  which t h e  p r o b a b i l i t i e s  
o f  b e i n g  below and above t h e  i n t e r v a l  a r e  e q u a l . )  The 
i n t e r v a l s  were o b t a i n e d  by a s k i n g  t h e  f o r e c a s t e r  t o  make a  
t o t a l  o f  f i v e  i n d i f f e r e n c e  judgments a t  e q u a l  odds ,  t h e r e b y  
d e t e r m i n i n g  t h e  median,  t h e  25th  p e r c e n t i l e ,  t h e  12-1 /2 th  
p e r c e n t i l e ,  t h e  75 th  p e r c e n t i l e ,  and t h e  87-1 /2 th  p e r c e n t i l e ,  
i n  t h a t  o r d e r .  Th i s  p r o c e s s  p r o v i d e s  t h e  f o r e c a s t e r  w i t h  
a  s y s t e m a t i c  p rocedure  f o r  d e t e r m i n i n g  c r e d i b l e  i n t e r v a l s .  
The f o r e c a s t e r  t h e n  was asked  t o  examine t h e  r e s u l t i n g  
c r e d i b l e  i n t e r v a l s  t o  s e e  i f  t h e y  seemed r e a s o n a b l e  
i n  t h e  s e n s e  of  a d e q u a t e l y  r e p r e s e n t i n g  h i s  judgments 
conce rn ing  t h e  h i g h  and low t e m p e r a t u r e .  
The o t h e r  two f o r e c a s t e r s  i n  t h e  exper iment  worked 
w i t h i n  t h e  framework of f ixed-width ,  v a r i a b l e - p r o b a b i l i t y  
f o r e c a s t s ,  u s i n g  i n t e r v a l s  o f  w id th  5' and 9'. F i r s t ,  t h e  
median o f  t h e  f o r e c a s t e r ' s  d i s t r i b u t i o n  was de t e rmined ,  
j u s t  a s  i n  t h e  c a s e  of  t h e  v a r i a b l e - w i d t h  f o r e c a s t s .  Then 
t h e  f o r e c a s t e r  was asked  t o  a s s e s s  p r o b a b i l i t i e s  f o r  i n t e r v a l s  
of  w id th  5' and 9' c e n t e r e d  a t  t h e  median. A l l  i n t e r v a l s  
i n  t h e  experiment  were assumed t o  i n c l u d e  t h e i r  end p o i n t s ,  
and a l l  t e m p e r a t u r e s  were e x p r e s s e d  t o  t h e  n e a r e s t  degree  
( e . g .  t h e  5' i n t e r v a l  from 48' t o  52' i n c l u d e s  a l l  o f  t h e  
t e m p e r a t u r e s  from 47.5' t o  52.5') .  
P r i o r  t o  t h e  s t a r t  o f  t h e  expe r imen t ,  t h e  a u t h o r s  met 
w i t h  t h e  f o r e c a s t e r s  and d i s c u s s e d  t h e  concept  o f  c r e d i b l e  
i n t e r v a l  t empera tu re  f o r e c a s t s .  Fol lowing  t h i s  meet ing ,  
l e n g t h y  s e t s  of  i n s t r u c t i o n s  were g i v e n  t o  t h e  p a r t i c i p a n t s ,  
who were encouraged  t o  r e a d  t h e  i n s t r u c t i o n s ,  t o  make s e v e r a l  
" p r a c t i c e "  f o r e c a s t s ,  and t o  d i s c u s s  any d i f f i c u l t i e s  w i t h  
t h e  expe r imen te r s .  The i n s t r u c t i o n  s e t s  i n c l u d e d  d i s c u s s i o n s  
o f  how c r e d i b l e  i n t e r v a l s  d e s c r i b e  a  f o r e c a s t e r ' s  u n c e r t a i n t y  
when making t e m p e r a t u r e  f o r e c a s t s ,  c a r e f u l  d e f i n i t i o n s  of  t h e  
t e rmino logy  t o  be used i n  t h e  expe r imen t ,  h y p o t h e t i c a l  
d i a l o g u e s  between a n  "exper imenter"  and a  " f o r e c a s t e r "  t o  
i l l u s t r a t e  t h e  p rocedures  and t o  answer a n t i c i p a t e d  q u e s t i o n s ,  
and b r i e f  summaries o f  t h e  p rocedures  t o  i n s u r e  underastanding 
on t h e  p a r t  of t h e  f o r e c a s t e r s .  No d i f f i c u l t i e s  a r o s e  a f t e r  
t h e  i n s t r u c t i o n  s e t s  were d i s t r i b u t e d ,  and we b e l i e v e  t h a t  
t h e  p a r t i c i p a n t s  unde r s tood  t h e  e x p e r i m e n t a l  p rocedures .  
c )  Some R e s u l t s  of t h e  Experiment  
F c r  a l l  o f  t h e  p a r t i c i p a n t s  i n  t h e  expe r imen t ,  t h e  f i r s t  
t a s k  on each  f o r e c a s t i n g  o c c a s i o n  was t o  d e t e r m i n e  a median. 
F o r  t h e  e n t i r e  sample ( n  = 254) ,  t h e  ave rage  d i f f e r e n c e  
between t h e  median and t h e  observed  t empera tu re  was -0.45' 
( s t a n d a r d  e r r o r  = 0.307'),  and t h e  ave rage  a b s o l u t e  d i f f e r e n c e  
was 3 .81°  ( s t a n d a r d  e r r o r  = 0.194').  Moreover, s c a t t e r  
d iagrams s u g g e s t  t h a t  t h e  ave rage  e r r o r  i s  no t  a  f u n c t i o n  of  
t h e  o b s e ~ ~ v e d  t e m p e r a t u r e .  I n  g e n e r a l ,  t h e n ,  t h e  medians 
a p p e a r  t o  be good p o i n t  f o r e c a s t s .  Fo r  compara t ive  pu rposes ,  
t h e  o f f i c i a l  f o r e c a s t  i s s u e d  t o  t h e  p u b l i c  was r e c o r d e d  on 
each  o c c a s i o n .  The average  d i f f e r e n c e  between t h e  o f f i c i a l  
f o r e c a s t  and  t h e  observed  t e m p e r a t u r e  was -0.44' ( s t a n d a r d  
e r r o r  = 0.312') and t h e  ave rage  a b s o l u t e  d i f f e r e n c e  was 
3 .91  ( s t a n d a r d  e m o r  = 0.195 ') . T h e r e f o r e ,  t h e  medians 
were ,  on t h e  ave rage ,  comparable t o  t h e  o f f i c i a l  f o r e c a s t s  
a s  p o i n t  f o r e c a s t s  o f  h i g h  and low t e m p e r a t u r e s .  Of c o u r s e ,  
we would n o t  expec t  t h e  medians and t h e  o f f i c i a l  f o r e c a s t s  
t o  d i f f e r  a  g r e a t  d e a l ,  s i n c e  b o t h  were de t e rmined  by t h e  
same f o r e c a s t e r  on a lmost  a l l  o c c a s i o n s .  
F o r  t h e  v a r i a b l e - w i d t h  c r e d i b l e  i n t e r v a l s  ( n  = 1 3 2 ) ,  
t h e  obse rved  t empera tu re  was i n s i d e  t h e  50% c r e d i b l e  i n t e r v a l  
60 t i m e s  (45% o f  t h e  t i m e ) ,  below t h e  lower  l i m i t  o f  t h e  
i n t e r v a l  34 t i m e s  ( 2 6 % ) ,  and above t h e  upper  l i m i t  of  t h e  
i n t e r v a l  38 t i m e s  ( 2 9 % ) .  These v a l u e s  a r e  c l o s e  t o  t h e  
e x p e c t e d  p e r c e n t a g e s  (508,  25%, and 25%, r e s p e c t i v e l y ) ,  and 
a  goodness -o f - f i t  t e s t  y i e l d s  a  s m a l l  v a l u e  of  X2 (1 .333 ,  
w i t h  2  d . f . 1  even though t h e  sample s i z e  i s  r e a s o n a b l y  l a r g e .  
S i m i l a r l y ,  f o r  t h e  75% c r e d i b l e  i n t e r v a l s ,  t h e  observed  
temperature was i n s i d e  t h e  i n t e r v a l  97 t imes ( 7 3 % ) ,  below 
t h e  lower l i m i t  1 4  t imes (11%), and above t h e  upper l i m i t  
21 t imes  ( 1 6 % ) .  These v a l u e s ,  which a r e  a l s o  c l o s e  t o  t h e  
expected percentages  (75$, 12.55,  and 12.5%,  r e s p e c t i v e l y ) ,  
l e a d  t o  a  s l i g h t l y  l a r g e r  value  of X 2  (1.646,  wi th  2  d . f  .).  
Thus, t h e  observed r e l a t i v e  f requenc ies  a r e  very c l o s e  t o  
t h e  p r o b a b i l i t i e s  ass igned t o  t h e  i n t e r v a l s .  Moreover, 
t h i s  r e s u l t  appears t o  be i n s e n s i t i v e  t o  t h e  width of t h e  
c r e d i b l e  i n t e r v a l .  
The average e r r o r  was expected t o  be an i n c r e a s i n g  
func t ion  of  t h e  width of t h e  50% c r e d i b l e  i n t e r v a l  and t h e  
width of  t h e  75% c r e d i b l e  i n t e r v a l .  The d a t a  p resen ted  i n  
Table 1 do not i n d i c a t e  a  s t r o n g  r e l a t i o n s h i p ,  al though a  
p o s i t i v e  r e l a t i o n s h i p  seems t o  ho ld  f o r  t h e  range of  widths 
f o r  which a  reasonable  number of  c a s e s  e x i s t s .  The average 
widths were 6.2O ( s t andard  e r r o r  = 0 . 1 l 9 )  and 11.7' ( s t a n d a r d  
e r r o r  = O . l g O )  f o r  t h e  50% and 75% c r e d i b l e  i n t e r v a l s ,  
r e s p e c t i v e l y .  
Another r e s u l t  of i n t e r e s t  r e l a t i v e  t o  t h e  v a r i a b l e -  
width i n t e r v a l s  concerns t h e i r  symmetry o r  asymmetry i n  
terms of  width.  For t h e  50% c r e d i b l e  i n t e r v a l s ,  t h e  
d i f f e r e n c e  between t h e  75th p e r c e n t i l e  and t h e  median was 
l e s s  than  ( e q u a l  t o  ) ( g r e a t e r  t h a n )  t h e  d i f f e r e n c e  between 
t h e  median and t h e  25th p e r c e n t i l e  on 36 (67)  (29)  occas ions .  
For  t h e  75% c r e d i b l e  i n t e r v a l s ,  t h e  d i f f e r e n c e  between t h e  
87-1/2th p e r c e n t i l e  and t h e  median was l e s s  than  (equa l  t o )  
-10- 
Table  1. Average e r r o r  a s  a  f u n c t i o n  o f  i n t e r v a l  wid th .  
50% C r e d i b l e  I n t e r v a l s  
Number o f  Average 
Width F o r e c a s t s  Egror  










T o t a l /  
Average 
75% C r e d i b l e  I n t e r v a l s  
Number o f  Average 
Width F o r e c a s t s  Egro r  








1 3  
14 




1 9  
2  0 
2 1 
T o t a l /  
Average 
( g r e a t e r  t h a n )  t h e  d i f f e r e n c e  between t h e  median and t h e  
12 -1 /2 th  p e r c e n t i l e  on 43 ( 4 1 )  ( 4 8 )  o c c a s i o n s .  I n  bo th  
c a s e s ,  e q u a l i t y  i m p l i e s  a n  i n t e r v a l  symmetric i n  w id th  about  
t h e  median. Thus, on ly  51% o f . t h e  50% i n t e r v a l s  and 32% 
of t h e  75% i n t e r v a l s  were symmetric .  The preponderance  o f  
asymmetr ies  among t h e  c e n t r a l  c r e d i b l e  i n t e r v a l s  s u g g e s t s  
t h a t  f i xed -wid th  c r e d i b l e  i n t e r v a l s ,  which were c o n s t r a i n e d  
t o  be symmetric i n  w i d t h ,  a r e  no t  l i k e l y  t o  b e  c e n t r a l  
c r e d i b l e  i n t e r v a l s .  
F o r  t h e  f i xed -wid th  c r e d i b l e  i n t e r v a l s  ( n  = 1 2 2 ) ,  t h e  
ave rage  p r o b a b i l i t y  a s s i g n e d  t o  t h e  5' i n t e r v a l  was 0.60 
( s t a n d a r d  e r r o r  = 0 .014)  and t h e  ave rage  p r o b a b i l i t y  
a s s i g n e d  t o  t h e  9' i n t e r v a l  was 0 .80  ( s t a n d a r d  e r r o r  = 0.010). 
The o v e r a l l  r e l a t i v e  f r equency  w i t h  which t h e  observed  
t e m p e r a t u r e  was i n s i d e  t h e  5' i n t e r v a l  was 0 .46 ,  and t h e  
o v e r a l l  r e l a t i v e  f requency  w i t h  which t h e  observed  t e m p e r a t u r e  
was i n s i d e  t h e  9' i n t e r v a l  was 0 .66 .  T h e r e f o r e ,  t h e  
p r o b a b i l i t i e s  a s s i g n e d  t o  t h e  i n t e r v a l s  by t h e  f o r e c a s t e r s  
were ,  on t h e  a v e r a g e ,  l a r g e r  t h a n  t h e y  shou ld  have been 
a c c o r d i n g  t o  t h e  o b s e r v a t i o n s . 2  I n  Tab le  2 t h e  r e l a t i v e  
f r equency  o f  i n c l u s i o n  of  t h e  observed  t e m p e r a t u r e  i n  t h e s e  
i n t e r v a l s  is  g i v e n  as a f u n c t i o n  o f  t h e  p r o b a b i l i t y  a s s i g n e d  
t o  t h e  i n t e r v a l s .  I f  t h e s e  v a l u e s  were graphed ,  many of  t h e  
p o i n t s  would l i e  f a r  from t h e  " i d e a l "  d i a g o n a l  45' l i n e  f o r  
which t h e  observed  r e l a t i v e  f requency  f o r  each  p r o b a b i l i t y  
e x a c t l y  e q u a l s  t h a t  p r o b a b i l i t y .  
Table  2 .  Average e r r o r  and r e l a t i v e  f:,equency of  i n c l u s i o n  of  observed  
t e m p e r a t u r e  i n  i n t e r v a l  as a f u n c t i o n  o f  p r o b a b i l i t y  of i n t e r v a l .  
5OF I n t e r v a l s  
P r o b a b i l i t y  Number o f  Average 
o f  F o r e c a s t s  E r r o r  
I n t e r v a l  n  (OF) 
R e l a t i v e  
Frequency 
i n  
I n t e r v a l  
0.00 
0 .00  
0 . 2 3  
0.46 
0  35 
0 .50  
0 .67  
1 . 0 0  
0 .86  
1 . 0 0  
-
0.46 
9 ' ~  I n t e r v a l s  
P r o b a b i l i t y  Number o f  
o  f  F o r e c a s t s  
I n t e r v a l  n  
0.50 2 
0 .60  6  
0 .70  2  9  
0 .75  5  
0.80 39 
0 .85  4 
0 .90  2 0  
0 .95  4 
1 .00  3 
T o t a l /  Average 122 
Average 










1 .69  
3.60 
R e l a t i v e  
Frequency 
i n  
I n t e r v a l  
0 .00  
0 .50  
0 .62  
0 .60  
0 .62  
0 .75  
0 .75  
0 .50  
0 .92  
-
0.66 
The average e r r o r  was expected t o  be a  dec reas ing  f u n c t i o n  
of t h e  p r o b a b i l i t i e s  ass igned t o  t h e  5' and 9' c e n t r a l  c r e d i b l e  
i n t e r v a l s .  Although t h e  amount of d a t a  i s  l i m i t e d  f o r  some 
p r o b a b i l i t i e s ,  Table 2 i n d i c a t e s  t h a t  t h e  average e r r o r  does 
tend t o  decrease  a s  t h e  p r o b a b i l i t y  i n c r e a s e s .  
d )  Discuss ion 
The r e s u l t s  presented above i n d i c a t e  t h a t  t h e  medians 
determined by t h e  p a r t i c i p a n t s  were good f o r e c a s t s  of t h e  
h igh  and low temperatures .  The c r e d i b l e  i n t e r v a l s  a l s o  
seemed t o  f i t  t h e  obse rva t ions  w e l l  i n  an o v e r a l l  sense ,  
wi th  t h e  var iable-width  i n t e r v a l s  be ing  b e t t e r  i n  t h i s  
r e s p e c t  than t h e  f ixed-width i n t e r v a l s .  I n  f u r t h e r  a n a l y s e s ,  
we a r e  i n v e s t i g a t i n g  t h e  e f f e c t s  of such f a c t o r s  a s  t h e  
d i f f e r e n c e s  between f o r e c a s t s  of high and low temperature ,  
among f o r e c a s t s  formulated by d i f f e r e n t  f o r e c a s t e r s ,  and 
between f o r e c a s t s  prepared on day and midnight s h i f t s .  The 
r e l a t i o n s h i p s  among some of t h e  v a r i a b l e s  considered i n  t h e  
a n a l y s i s  p resen ted  i n  t h i s  s e c t i o n  a r e  a l s o  being examined 
i n  g r e a t e r  d e t a i l .  
The exper imenta l  r e s u l t s  have obvious i m p l i c a t i o n s  f o r  
temperature  f o r e c a s t i n g .  The use of p r o b a b i l i t i e s ,  v i a  
c r e d i b l e  i n t e r v a l s ,  i n  temperature  f o r e c a s t i n g  a l lows  t h e  
f o r e c a s t e r  t o  express  h i s  degree of u n c e r t a i n t y  concerning 
t h e  high o r  low temperature .  Po in t  f o r e c a s t s  do not d e s c r i b e  
u n c e r t a i n t y ,  and i n t e r v a l  f o r e c a s t s  without p r o b a b i l i t i e s  
only desc r ibe  u n c e r t a i n t y  i n  a  vague, informal  manner. 
To t h e  e x t e n t  t h a t  t h e s e  expe r imen ta l  r e s u l t s  i n d i c a t e  t h a t  
c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t i n g  i s  f e a s i b l e  and 
t h a t  t h e  p rocedures  i n v e s t i g a t e d  i n  t h i s  exper iment  y i e l d  
r e a s o n a b l e  r e s u l t s ,  t h e s e  proce 'dures c o u l d  be ve ry  u s e f u l  
i n  t e m p e r a t u r e  f o r e c a s t i n g  i n  p r a c t i c e .  
Although t h e  exper iment  h a s  been o r i e n t e d  toward 
t e m p e r a t u r e  f o r e c a s t i n g ,  t h e  p rocedures  a r e  q u i t e  g e n e r a l  
and can  be  used  t o  de t e rmine  c r e d i b l e  i n t e r v a l  f o r e c a s t s  
o f  o t h e r  con t inuous  v a r i a b l e s .  Thus, t h e  i m p l i c a t i o n s  of 
t h e  exper iment  ex t end  f a r  beyond t empera tu re  f o r e c a s t i n g  t o  
f o r e c a s t s  o f  o t h e r  m e t e o r o l o g i c a l  v a r i a b l e s  ( e . g .  wind speed )  
and t o  f o r e c a s t s  o f  o t h e r  v a r i a b l e s  o f  i n t e r e s t  i n  o t h e r  
f i e l d s  ( e . g .  economic i n d i c a t o r s ) .  
3 .  An Experiment Regard ing  P o i n t  and Area P r e c i p i t a t i o n  
P r o b a b i l i t y  F o r e c a s t s  
a )  Po in t  and  Area P r e c i p i t a t i o n  F o r e c a s t s  
P r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s  a r e  i s s u e d  on a  
r e g u l a r  b a s i s  by t h e  NWS, and NWS f o r e c a s t e r s  have a  
c o n s i d e r a b l e  amount of e x p e r i e n c e  a t  p r e p a r i n g  such  f o r e c a s t s .  
The o f f i c i a l  d e f i n i t i o n  of  a  p r e c i p i t a t i o n  p r o b a b i l i t y  i s s u e d  
t o  t h e  p u b l i c  i s  a n  ave rage  p o i n t  p r o b a b i l i t y  o f  measurable  
p r e c i p i t a t i o n  f o r  an  e n t i r e  f o r e c a s t  a r e a  ( g e n e r a l l y  a 
m e t r o p o l i t a n  a r e a ) .  A p o i n t  p r o b a b i l i t y  of  p r e c i p i t a t i o n  
i s  t h e  p r o b a b i l i t y  of  p r e c i p i t a t i o n  a t  a g iven  p o i n t ,  and 
an  ave rage  p o i n t  p r o b a b i l i t y  of  p r e c i p i t a t i o n  f o r  a 
p a r t i c u l a r  a r e a  i s  s imply  t h e  ave rage  of  t h e  p o i n t  
p r o b a b i l i t i e s  o f  p r e c i p i t a t i o n  f o r  a l l  o f  t h e  p o i n t s  i n  t h e  
a r e a .  I n  t h e  f o r e c a s t s  f o rmu la t ed  by NWS f o r e c a s t e r s ,  t h e  
p o i n t  p r o b a b i l i t y  i s ,  i n  g e n e r a l ,  i m p l i c i t l y  assumed t o  
be un i form o v e r  t h e  f o r e c a s t  a r e a  ( i . e .  t h e  p r o b a b i l i t y  i s  
t h e  same f o r  a l l  o f  t h e  p o i n t s  i n  t h e  a r e a ) .  Under t h i s  
a s sumpt ion ,  t h e  p r e c i p i t a t i o n  p r o b a b i l i t y  i s s u e d  t o  t h e  
p u b l i c  a p p l i e s  t o  each  p o i n t  i n  t h e  f o r e c a s t  a r e a .  On t h e  
o t h e r  hand ,  t h e  o b s e r v a t i o n  o f  p r e c i p i t a t i o n  i s  t a k e n  a t  
on ly  one p o i n t  ( t h e  o f f i c i a l  r a i n  g a u g e ) .  O c c a s i o n a l l y ,  
when t h e  p r o b a b i l i t y  o f  p r e c i p i t a t i o n  v a r i e s  c o n s i d e r a b l y  
o v e r  t h e  f o r e c a s t  a r e a ,  f o r e c a s t e r s  may i s s u e  d i f f f e r e n t  
f o r e c a s t s  f o r  d i f f e r e n t  p a r t s  o f  t h e  a r e a .  When such  
v a r i a t i o n s  e x i s t ,  t h e  u se  o f  an  ave rage  p o i n t  p r o b a b i l i t y  
f o r  t h e  e n t i r e  a r e a  would, i n  g e n e r a l ,  be  q u i t e  m i s l e a d i n g .  
Another  p o t e n t i a l  p roblem conce rns  t h e  i n t e r p r e t a t i o n  
o f  a  p r e c i p i t a t i o n  p r o b a b i l i t y  by t h e  p u b l i c  and by f o r e -  
c a s t e r s .  Some members o f  t h e  p u b l i c  may i n t e r p r e t  a  
p r e c i p i t a t i o n  p r o b a b i l i t y  i n  t e r m s  o f  a n  a r e a  p r o b a b i l i t y  
( t h e  p r o b a b i l i t y  t h a t  p r e c i p i t a t i o n  w i l l  o c c u r  soniewhere i n  
t h e  f o r e c a s t  a r e a ) ,  a n  e x p e c t e d  a r e a l  coverage  ( t h e  e x ~ e c t e d  
f r a c t i o n  o f  t h e  f o r e c a s t  a r e a  ove r  which p r e c i p i t a t i o n  w i l l  
o c c u r ) ,  o r  y e t  some o t h e r  d e f i n i t i o n .  Moreover,  some 
f o r e c a s t e r s  may have a  d e f i n i t i o n  o t h e r  t h a n  t h e  o f f i c i a l  
d e f i n i t i o n  i n  mind when making a  p r e c i p i t a t i o n  p r o b a b i l i t y  
f o r e c a s t .  I n  a r e c e n t  q u e s t i o n n a i r e  a d m i n i s t e r e d  t o  a lmos t  
700 NWS f o r e c a s t e r s  (Murphy and Wink le r ,  [6] ) , t h e  r e s p o n s e s  
i n d i c a t e d  t h a t  d i f f e r e n t  f o r e c a s t e r s  p r e f e r  d i f f e r e n t  
d e f i n i t i o n s  of t h e  event " p r e c i p i t a t i o n n  and of  a  p r e c i p i t a t i o n  
p r o b a b i l i t y ,  and, a s  a  r e s u l t ,  they o f t e n  use d e f i n i t i o n s  
o t h e r  than  t h e  o f f i c i a l  d e f i n i t i o n s  i n  p repar ing  t h e i r  
p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s .  3  
The r e l a t i o n s h i p  between p o i n t  and a r e a  p r e c i p i t a t i o n  
p r o b a b i l i t i e s  has been s t u d i e d  t h e o r e t i c a l l y  ( e . g .  Eps te in ,  
[2]) but  not  e m p i r i c a l l y .  The experiment r e p o r t e d  i n  t h i s  
s e c t i o n  was des igned t o  i n v e s t i g a t e  t h e  r e l a t i v e  a b i l i t y  of 
f o r e c a s t e r s  t o  make po in t  and a r e a  ( i n c l u d i n g  a r e a l  coverage) 
p r o b a b i l i t y  f o r e c a s t s  and t h e  a b i l i t y  o f  f o r e c a s t e r s  t o  
d i f f e r e h t i a t e  between d i f f e r e n t  p o i n t s  i n  a  fo ' recas t  a r e a  
wi th  r e g a r d  t o  t h e  l i k e l i h o o d  of t h e  occurrence of measurable 
p r e c i p i t a t i o n .  
b )  Design of  t h e  Experiment 
The s u b j e c t s  i n  t h e  experiment were f o u r t e e n  experienced 
weather f o r e c a s t e r s  from t h e  WSFO a t  S t .  Louis,  Missour i .  
Each time t h e  f o r e c a s t e r s  were on p u b l i c  weather f o r e c a s t i n g  
duty ,  they  made po in t  and a r e a  p r e c i p i t a t i o n  p r o b a b i l i t y  
f o r e c a s t s  f o r  t h e  S t .  Louis me t ropo l i t an  a r e a .  I n  p a r t i c u l a r ,  
t h e  f o r e c a s t e r s  were asked f o r  ( 1 )  an average po in t  p r o b a b i l i t y  
of measurable p r e c i p i t a t i o n  f o r  t h e  e n t i r e  f o r e c a s t  a r e a ;  
( 2 )  p o i n t  p r o b a b i l i t i e s  of measurable p r e c i p i t a t i o n  a t  f i v e  
s p e c i f i c  p o i n t s  ( r a i n  gauges)  i n  t h e  f o r e c a s t  a r e a ;  ( 3 )  an 
a r e a  p r o b a b i l i t y  of measurable p r e c i p i t a t i o n  f o r  t h e  f o r e c a s t  
a r e a ;  and ( 4 )  t h e  expected a r e a l  coverage of t h e  f o r e c a s t  
a r e a  by measurable p r e c i p i t a t i o n .  On each occas ion,  t h e  
f o r e c a s t s  were made f o r  t h r e e  d i f f e r e n t  twelve-hour p e r i o d s  
i n  t h e  f u t u r e  ( e . g .  today ,  t o n i g h t ,  tomorrow).  The exper iment  
was conducted  from November 1972 t o  March 1973.  
Obse rva t ions  from t h e  I l l i n o i s  S t a t e  Water Survey 
network o f  r a i n  gauges i n  t h e  S t .  Louis  a r e a  were used t o  
v e r i f y  t h e  f o r e c a s t s .  T h i s  network i n c l u d e d  r a i n  gauges 
a t  t h e  f i v e  p o i n t s  f o r  which p o i n t  p r o b a b i l i t i e s  o f  
p r e c i p i t a t i o n  were de termined  by t h e  f o r e c a s t e r s .  A l a r g e r  
s e t  o f  twenty  r a i n  gauges was chosen  t o  v e r i f y  t h e  f o r e c a s t s  
o f  a r e a  p r o b a b i l i t y  and expec t ed  a r e a l  coverage .  Within 
t h e  c o n s t r a i n t s  imposed by t h e  l o c a t i o n  of  a v a i l a b l e  r a i n  
gauges ,  t h e  s i n a l l e r  s e t  o f  f i v e  p o i n t s  and t h e  l a r g e r  s e t  
o f  twenty  p o i n t s  were chosen t o  p r o v i d e  a  r e a s o n a b l e  
coverage  o f  t h e  S t .  Louis  m e t r o p o l i t a n  a r e a .  
c )  Some R e s u l t s  o f  t h e  Experiment 
F i r s t ,  t h e  p o i n t  p r e c i p i t a t i o n  p r o b a b i l i t i e s  e x h i b i t e d  
l i t t l e  v a r i a b i l i t y  o v e r  t h e  f o r e c a s t  a r e a .  The sample 
v a r i a n c e  was computed f o r  e a c h  s e t  o f  f i v e  p o i n t  p r o b a b i l i t y  
f o r e c a s t s ,  and t h e  ave rage  v a l u e  o f  t h e  v a r i a n c e  was 0.001.  
T h i s  a v e r a g e  sample v a r i a n c e  i s  e s p e c i a l l y  small c o n s i d e r i n g  
t h a t ,  w i t h  t h e  e x c e p t i o n  o f  very  small p r o b a b i l i t i e s ,  any 
d i f f e r e n c e  i n  p r o b a b i l i t i e s  must be  o f  a magnitude o f  a t  
l e a s t  0 . 1 0 . ~  The l a r g e s t  sample v a r i a n c e  f o r  a s e t  o f  p o i n t  
p r o b a b i l i t i e s  i n  t h e  e n t i r e  exper iment  was 0 .068 ,  which 
y i e l d s  a  sample s t a n d a r d  d e v i a t i o n  o f  0 .26 .  
Next ,  t h e  a s s e s s e d  ave rage  p o i n t  p r o b a b i l i t y  and t h e  
a v e r a g e  of  t h e  f i v e  i n d i v i d u a l  p o i n t  p r o b a b i l i t i e s  were 
compared. S i n c e  t h e  ave rage  p o i n t  p r o b a b i l i t y  was t o  be  
v e r i f i e d  o v e r  a network of twenty  r a i n  gauges r a t h e r  t h a n  
j u s t  f i v e  r a i n  gauges ,  t h i s  p r o b a b i l i t y  (deno ted  by A) cou ld  
d i f f e r  from t h e  ave rage  of t h e . f i v e  i n d i v i d u a l  p o i n t  
p r o b a b i l i t i e s  ( t h e  i n d i v i d u a l  p r o b a b i l i t i e s  a r e  denoted  by 
B1, B2, B3, B4, and B5, and t h e i r  a v e r a g e  i s  denoted  by B ) ,  
a l t h o u g h  we would no t  expec t  t h e  d i f f e r e n c e  t o  be l a r g e .  
I n  f a c t ,  t h e  ave rage  va lue  o f  IA-El was on ly  0.005 ( s t a n d a r d  
e r r o r  = 0 .0006) ,  and t h e  ave rage  v a l u e  of A-B was 0 .001  
( s t a n d a r d  e r r o r  = 0 .0007) .  I n  663 c a s e s  (86 .1% of  t h e  c a s e s ) ,  
A-3 was e q u a l  t o  z e r o ,  and t h e  l a r g e s t  v a l u e  of  IA-731 was 
0 .24 .  I n  f a c t ,  IA-B( was l a r g e r  t h a n  0 .05  i n  only  1 5  ( 1 . 9 % )  
o f  t h e  c a s e s .  Fur thermore ,  a  p l o t  o f  A-B v e r s u s  t h e  sample 
v a r i a n c e  of  t h e  f i v e  i n d i v i d u a l  p o i n t  p r o b a b i l i t i e s  r e v e a l s  
t h a t  no r e a d i l y  d i s c e r n i b l e  r e l a t i o n s h i p  e x i s t s  between 
t h e s e  two v a r i a b l e s .  
Another  comparison of  i n t e r e s t  i s  t h a t  of  t h e  ave rage  
p o i n t  p r o b a b i l i t y  and t h e  expec t ed  a r e a l  coverage  ( d e n o t e d  
by D) .  Ma thema t i ca l ly ,  A and D shou ld  be e q u a l  s i n c e  
and 
where k r e p r e s e n t s  t h e  number of  r a i n  gauges ,  pi i s  t h e  
p r o b a b i l i t y  o f  p r e c i p i t a t i o n  a t  r a i n  gauge i ,  and 6i i s  an 
i n d i c a t o r  v a r i a b l e  t h a t  e q u a l s  one i f  p r e c i p i t a t i o n  occu r s  
a t  r a i n  gauge i and z e r o  o t h e r w i s e .  From t h e  f o r e c a s t s ,  
A-D = 0  on 715 (92 .9%)  o f  t h e  o c c a s i o n s ,  and t h e  average  
v a l u e  o f  A-D was -0.0005 ( s t a n d a r d  e r r o r  = 0 . 0 0 1 ) .  The 
ave rage  va lue  of  IA-Dl  was 0.0007 ( s t a n d a r d  e r r o r  = 0 .0001) ,  
and t h e  l a r g e s t  v a l u e  of  I A - D l  was 0 .30 .  I n  on ly  32 ( 4 . 2 % )  
o f  t h e  c a s e s  was I A - D l  l a r g e r  t h a n  0 .05 .  
Another  r e s u l t  o f  i n t e r e s t  r e l a t e s  t o  t h e  a r e a  
p r o b a b i l i t y  (deno ted  by C )  . T h e o r e t i c a l l y ,  t h e  a r e a  
p r o b a b i l i t y  must be  l a r g e r  t h a n  any p o i n t  p r o b a b i l i t y ,  
s i n c e  p r e c i p i t a t i o n  a t  any p o i n t  i m p l i e s  p r e c i p i t a t i o n  i n  
t h e  a r e a .  A comparison o f  C w i t h  maxi(Bi) y i e l d e d  t h e  
fo l lowing  r e s u l t s :  C was s m a l l e r  t h a n  t h e  l a r g e s t  p o i n t  
p r o b a b i l i t y  on only  59 ( 7 . 7 % )  o f  t h e  o c c a s i o n s ,  and ,  o f  
t h e  remain ing  711  o c c a s i o n s ,  C = maxi(Bi) on 685 ( 8 9 . 0 % )  
o f  t h e s e  o c c a s i o n s .  The ave rage  v a l u e  o f  C-maxi(Bi) was 
a c t u a l l y  s l i g h t l y  n e g a t i v e  (-0.004, w i t h  a  s t a n d a r d  e r r o r  
o f  0 .0017) ,  and t h e  s m a l l e s t  v a l u e  o f  C-maxi(Bi) was -0.30. 
These r e s u l t s  i n d i c a t e  t h a t  t h e  f o r e c a s t e r s  had mi sconcep t ions  
conce rn ing  t h e  p o i n t  p r o b a b i l i t i e s  o r  t h e  a r e a  p r o b a b i l i t y  
o r  bo th .  The c o n s i s t e n c y  o f  t h e  p o i n t  p r o b a b i l i t i e s ,  t h e  
ave rage  p o i n t  p r o b a b i l i t y ,  and t h e  expec t ed  a r e a l  coverage  
i n d i c a t e s  t h a t  t h e s e  d i f f i c u l t i e s  a r e  most l i k e l y  t o  be 
r e l a t e d  t o  t h e  a r e a  p r o b a b i l i t y .  
The f i n a l  a n a l y s i s  t o  be d e s c r i b e d  i n  t h i s  s e c t i o n  
i s  a n  i n v e s t i g a t i o n  o f  t h e  d i f f e r e n c e  between A and C D .  
According t o  t h e  d e f i n i t i o n s  g i v e n  t o  t h e  f o r e c a s t e r s ,  
A s h o u l d  be g r e a t e r  t h a n  C D ,  w i t h  e q u a l i t y  h o l d i n g  only  
when C = 1. I n  t h e  expe r imen t ,  A was i n  f a c t  g r e a t e r  
t h a n  CD f o r  702 ( 9 1 . 2 % )  of  t h e  f o r e c a s t s .  On t h e  
o t h e r  hand,  A was l e s s  t h a n  C D  f o r  on ly  10  ( 1 . 3 % )  of  
t h e  f o r e c a s t s .  Th i s  r e s u l t  i n d i c a t e s  t h a t ,  a s  i n s t r u c t e d ,  
t h e  f o r e c a s t e r s  t hough t  o f  D i n  a  marg ina l  s e n s e  r a t h e r  
t h a n  i n  a  c o n d i t i o n a l  s e n s e .  I t  i s  p o s s i b l e  t o  c o n s i d e r  
a  c o n d i t i o n a l  expec t ed  a r e a l  cove rage ,  which would be t h e  
e x p e c t e d  a r e a l  coverage ~ i v e n  t h a t  p r e c i p i t a t i o n  w i l l  
occu r  somewhere i n  t h e  f o r e c a s t  a r e a .  Such a  c o n d i t i o n a l  
e x p e c t e d  a r e a l  coverage  must be  a t  l e a s t  a s  l a r g e  a s  D ,  
t h e  marg ina l  e x p e c t e d  coverage .  S p e c i f i c a l l y  , t h e  
c o n d i t i o n a l  e x p e c t e d  a r e a l  coverage  s h o u l d  e q u a l  A/C, 
whereas t h e  marg ina l  expec t ed  a r e a l  coverage ,  D ,  shou ld  
e q u a l  A .  Thus, t h e  c o n d i t i o n a l  measure s h o u l d  be  l a r g e r  
t h a n  t h e  marg ina l  measure by a  f a c t o r  of 1/C.  
d )  D i s c u s s i o n  
The r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  i n d i c a t e  t h a t  l i t t l e  
v a r i a b i l i t y  e x i s t e d  among t h e  p o i n t  p r o b a b i l i t y  f o r e c a s t s  f o r  
t h e  f i v e  p o i n t s  f o r  which such  f o r e c a s t s  were made. T h i s  
r e s u l t  may be a  f u n c t i o n  o f  t h e  l o c a t i o n  ( i . e .  S t .  L o u i s )  
a n d / o r  t h e  p a r t i c u l a r  wea the r  s i t u a t i o n s  which occu r r ed  
d u r i n g  t h e  p e r i o d .  On t h e  o t h e r  hand, pe rhaps  t h e  v a r i a b i l i t y  
s h o u l d  have been  g r e a t e r ,  bu t  t h e  f o r e c a s t e r s  were s imply  
unab le  t o  d i f f e r e n t i a t e  among t h e  p o i n t s  more o f t e n  ( o r  a s  
o f t e n  a s  t h e y  s h o u l d ) .  The f o r e c a s t e r s  were remarkably  
c o n s i s t e n t  when a s s e s s i n g  t h e  ave rage  p o i n t  p r o b a b i l i t y ,  
t h e  f i v e  i n d i v i d u a l  p o i n t  p r o b a b i l i t i e s ,  and t h e  expec t ed  
a r e a l  coverage .  Of c o u r s e ,  t h i s  r e s u l t  may no t  g e n e r a l i z e  
t o  more complex s i t u a t i o n s  i n  which g r e a t e r  v a r i a b i l i t y  
e x i s t s  among t h e  i n d i v i d u a l  p o i n t  p r o b a b i l i t i e s ,  and t h i s  
q u e s t i o n  can and shou ld  be i n v e s t i g a t e d  e x p e r i m e n t a l l y .  The 
a r e a  p r o b a b i l i t y  tended  n o t  t o  be  c o n s i s t e n t  w i t h  t h e  p o i n t  
p r o b a b i l i t i e s ;  t h e  former  was f r e q u e n t l y  t o o  low, even lower  
t h a n  some o f  t h e  p o i n t  p r o b a b i l i t i e s ,  and t h i s  r e s u l t  i s  
i n c o n s i s t e n t .  I n  g e n e r a l ,  t h e  a r e a  p r o b a b i l i t y  shou ld  be 
g r e a t e r  t h a n  o r  e q u a l  t o  each  i n d i v i d u a l  p o i n t  p r o b a b i l i t y ,  
w i t h  e q u a l i t y  h o l d i n g  only  when any p r e c i p i t a t i o n  t h a t  o c c u r s  
i n  t h e  e n t i r e  a r e a  i s  c e r t a i n  t o  o c c u r  a t  t h e  p o i n t  i n  
q u e s t i o n .  
The a n a l y s e s  p r e s e n t e d  i n  t h i s  s e c t i o n  invo lved  on ly  
t h e  p r o b a b i l i t i e s  a s s e s s e d  by t h e  f o r e c a s t e r s .  F u r t h e r  a n a l y s e s  
a l o n g  t h e s e  l i n e s  a r e  b e i n g  conduc ted ,  i n c l u d i n g  a  more 
d e t a i l e d  i n v e s t i g a t i o n  of  t h e  r e l a t i o n s h i p s  among t h e  
d i f f e r e n t  t y p e s  of p r o b a b i l i t i e s  and a  s t u d y  o f  t h e  e f f e c t s  
of f a c t o r s  such  a s  t h e  i n d i v i d u a l  f o r e c a s t e r ,  t h e  " l e a d  
t ime"  of  t h e  f o r e c a s t ,  and t h e  f o r e c a s t  s h i f t  (i.e. day,  
midnight  ) . F o r  example, t h e  p o i n t  p r e c i p i t a t i o n  p r o b a b i l i t y  
f o r e c a s t s  of  c e r t a i n  f o r e c a s t e r s  appea r  t o  be more v a r i a b l e  
t h a n  do t h o s e  of  o t h e r  f o r e c a s t e r s .  I n  a d d i t i o n ,  we a r e  
a n a l y z i n g  t h e  f o r e c a s t s  i n  l i g h t  of  t h e  a c t u a l  o b s e r v a t i o n s  
( t h i s  a n a l y s i s  was de l ayed  because  t h e  r eco rded  o b s e r v a t i o n s  
were n o t  immedia te ly  a v a i l a b l e ) .  T h i s  p o r t i o n  of t h e  a n a l y s i s  
i n c l u d e s  a s t u d y  o f  t h e  r e l a t i o n s h i p  between t h e  p r o b a b i l i t i e s  
and t h e  observed  r e l a t i v e  f r e q u e n c i e s  f o r  each  t y p e  of  
p r o b a b i l i t y  de te rmined  i n  t h e  expe r imen t .  I n  t h i s  r e g a r d ,  
t h e  d i f f e r e n c e s  among t h e  r e l a t i v e  f r e q u e n c i e s  of  
p r e c i p i t a t i o n  a t  t h e  f i v e  p o i n t s  f o r  which p o i n t  p r o b a b i l i t y  
f o r e c a s t s  were made a r e  of  p a r t i c u l a r  i n t e r e s t .  
These expe r imen ta l  r e s u l t s  have i m p l i c a t i o n s  w i t h  
r e g a r d  t o  t h e  impor tance  of c a r e f u l l y  d e f i n i n g  v a r i a b l e s  
i n  p r o b a b i l i t y  f o r e c a s t i n g .  I f  a f o r e c a s t e r  u s e s  a 
d e f i n i t i o n  o f  a  p r e c i p i t a t i o n  p r o b a b i l i t y  t h a t  d i f f e r s  
from t h e  o f f i c i a l  d e f i n i t i o n  p r e s c r i b e d  by t h e  NWS, t h e n  
h e  i s  l i k e l y  t o  a r r i v e  a t  a  d i f f e r e n t  p r o b a b i l i t y  t h a n  he  
would i f  he  used t h e  o f f i c i a l  d e f i n i t i o n .  Of c o u r s e ,  t h i s  
i m p l i c a t i o n  h o l d s  w i t h  r e s p e c t  t o  p r o b a b i l i t y  f o r e c a s t i n g  
i n  g e n e r a l  and i s  by no means l i m i t e d  t o  p r e c i p i t a t i o n  
p r o b a b i l i t y  f o r e c a s t i n g .  I n  any c a s e ,  even i f  t h e  o f f i c i a l  
d e f i n i t i o n  i s  used f o r  f o r e c a s t i n g  pu rposes ,  a b e t t e r  
u n d e r s t a n d i n g  of  t h e  r e l a t i o n s h i p s  among t h e  v a r i o u s  t y p e s  
o f  p r o b a b i l i t i e s  may improve t h e  f o r e c a s t e r ' s  a b i l i t y  t o  
f o r m u l a t e  p r o b a b i l i t y  f o r e c a s t s .  
4 .  An Experiment  Regard ing  t h e  E f f e c t  of  Guidance F o r e c a s t s  
on P r e c i p i t a t i o n  P r o b a b i l i t y  F o r e c a s t s  
a )  The Aggregat ion o f  I n f o r m a t i o n  i n  P r o b a b i l i t y  
F o r e c a s t i n g  
I n  f o r m u l a t i n g  a  s u b j e c t i v e  p r o b a b i l i t y  f o r e c a s t ,  a  
f o r e c a s t e r  i n t u i t i v e l y  a s s i m i l a t e s  i n f o r m a t i o n  from a v a r i e t y  
o f  s o u r c e s  and  f o r m u l a t e s  judgments ,  i n  p r o b a b i l i s t i c  t e r m s ,  
abou t  f u t u r e  e v e n t s  such  a s  t h e  o c c u r r e n c e  of  p r e c i p i t a t i o n  
tomorrow. The r e s p o n s e s  t o  a  q u e s t i o n n a i r e  (Murphy and 
Winkler  151) i n d i c a t e d  t h a t  t h e  r e l a t i v e  impor tance  and t h e  
o r d e r  o f  examinat ion  o f  i n f o r m a t i o n  s o u r c e s  va ry  among 
f o r e c a s t e r s  and  among wea the r  s i t u a t i o n s ,  and a  more r e c e n t  
and more e x t e n s i v e  q u e s t i o n n a i r e  (Murphy and Winkler  [ 6 ]  ) 
t h a t  we a d m i n i s t e r e d  t o  NWS f o r e c a s t e r s  h a s  p rov ided  
a d d i t i o n a l  ev idence  r e g a r d i n g  t h i s  p o i n t .  I n  o r d e r  t o  
s t u d y  t h e  i n f o r m a t i o n  a g g r e g a t i o n  p r o c e s s  e x p e r i m e n t a l l y ,  
some c o n t r o l s  on t h e  o , rder  o f  examina t ion  o f  i n f o r m a t i o n  
s o u r c e s  a r e  needed ( s e e  Winkler  and Murphy [9] 1. I d e a l l y ,  
c o n t r o l s  conce rn ing  a l l  i n f o r m a t i o n  s o u r c e s  would be  u s e f u l ,  
b u t  t h i s  i d e a l  s i t u a t i o n  i s  ve ry  d i f f i c u l t  t o  a t t a i n  i n  a n  
o p e r a t i o n a l  s e t t i n g .  
Guidance f o r e c a s t s  p r epa red  by t h e  NWS u s i n g  a  p rocedure  
c a l l e d  PEATMOS r e p r e s e n t  an i n f o r m a t i o n  s o u r c e  of p a r t i c u l a r  
i n t e r e s t  because  t h e  guidance  f o r e c a s t s  t hemse lves  a r e  
e x p r e s s e d  i n  p r o b a b i l i s t i c  term's.  PEATMOS, which s t a n d s  f o r  
P r i m i t i v e  Equa t ion  a n d  T r a j e c t o r y  Model Output  S t a t i s t i c s ,  
- 
i s  a  combina t ion  o f  a  numer i ca l  ( i  . e  . phys i ca l -ma thema t i ca l )  
model and a  s t a t i s t i c a l  t e c h n i q u e .  T h i s  " o b j e c t i v e "  f o r e -  
c a s t i n g  p rocedure  de t e rmines  t h e  w e a t h e r - r e l a t e d  s t a t i s t i c s  
o f  t h e  o u t p u t  o f  t h e  numer i ca l  model ( e . g .  t h e  p e r c e n t  of  
t h e  t i m e  t h a t  measurable  p r e c i p i t a t i o n  occu r s  when t h e  model 
p r e d i c t s  80% r e l a t i v e  h u m i d i t y ) .  The p r o b a b i l i t i e s  p rov ided  
by PEATMOS, t h e n ,  r e p r e s e n t  a  s o u r c e  o f  i n f o r m a t i o n  t h a t  i s  
a v a i l a b l e  t o  t h e  f o r e c a s t e r  i n  d e t e r m i n i n g  a  p r e c i p i t a t i o n  
p r o b a b i l i t y .  
Although t h e  q u e s t i o n n a i r e s  mentioned above have 
p r o v i d e d  some i n f o r m a t i o n  r e l a t i v e  t o  t h e  impor tance  and 
t h e  o r d e r  o f  examinat ion  o f  d i f f e r e n t  i n f o r m a t i o n  s o u r c e s  
by w e a t h e r  f o r e c a s t e r s  i n  t h e  p r o c e s s  o f  a r r i v i n g  a t  
p r e c i p i t a t i o n  p r o b a b i l i t i e s ,  no e x p e r i m e n t a l  i n v e s t i g a t i o n s  
o f  t h i s  p r o c e s s  have been conducted .  The exper iment  
r e p o r t e d  i n  t h i s  s e c t i o n  was des igned  t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  t h e  gu idance  (PEATMOS) f o r e c a s t s  on t h e  f o r e -  
c a s t e r s 1  p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t s .  
b )  Design o f  t h e  Experiment  
The s u b j e c t s  i n  t h e  exper iment  were n i n e  e x p e r i e n c e d  
w e a t h e r  f o r e c a s t e r s  from t h e  WSFO a t  G r e a t  F a l l s ,  Montana, 
and s i x  e x p e r i e n c e d  wea the r  f o r e c a s t e r s  from t h e  WSFO a t  
S e a t t l e ,  Washington.  Each t ime  t h e y  were on p u b l i c  wea the r  
f o r e c a s t i n g  d u t y ,  t h e  f o r e c a s t e r s  made p r e c i p i t a t i o n  
p r o b a b i l i t y  f o r e c a s t s  b o t h  b e f o r e  and a f t e r  examining t h e  
guidance  f o r e c a s t s  p r e p a r e d  by t h e  NWS u s i n g  t h e  PEATMOS 
t e c h n i q u e .  The f o r e c a s t e r s  were i n s t r u c t e d  t o  examine t h e  
PEATMOS f o r e c a s t s  l a s t  on each  occas ion .  That i s ,  t h e  p r e -  
PEATMOS f o r e c a s t s  were made a f t e r  t h e  f o r e c a s t e r s  had 
examined a l l  o f  t h e  a v a i l a b l e  i n f o r m a t i o n  excep t  PEATMOS. 
Then t h e  PEATMOS f o r e c a s t s  were observed  and t h e  t h e  p o s t -  
PEATMOS f o r e c a s t s  were made. 
A t  Great  F a l l s  f o r e c a s t s  were made f o r  f i v e  l o c a t i o n s  
( B i l l i n g s ,  Glasgow, Grea t  F a l l s ,  Helena ,  and Mis sou la )  , and 
a t  S e a t t l e  f o r e c a s t s  were made f o r  two l o c a t i o n s  ( S e a t t l e  
and Yakima). On each  o c c a s i o n ,  t h e  f o r e c a s t s  were made f o r  
t h r e e  d i f f e r e n t  p e r i o d s  i n  t h e  f u t u r e  ( e  . g .  t oday ,  t o n i g h t ,  
tomorr row) .  The exper iment  was conducted  from December 1972 
t o  March 1973.  
c )  Some R e s u l t s  o f  t h e  Experiment 
The t h r e e  p r o b a b ' i l i t y  f o r e c a s t s  o f  i n t e r e s t  a r e  t h e  
pre-PEATMOS f o r e c a s t  (deno ted  by F1), t h e  PEATMOS f o r e c a s t  
(deno ted  by F2), and t h e  post-PEATMOS f o r e c a s t  (deno ted  by 
F3 ) .  The r e l a t i o n s h i p s  between t h e  p r o b a b i l i t y  and t h e  
obse rved  r e l a t i v e  f r equency  o f  p r e c i p i t a t i o n  f o r  t h e  t h r e e  
t y p e s  o f  f o r e c a s t s  a r e  p r e s e n t e d  i n  Tab le  3.  While f i r m  
c o n c l u s i o n s  a r e  d i f f i c u l t  t o  draw from t h e s e  d a t a ,  t h e  
f o r e c a s t e r s  ( i . e .  F1 and F ) a t  S e a t t l e  appea r  t o  be  c l o s e r  3  
t h a n  PEATMOS ( F 2 )  t o  t h e  i d e a l  d i a g o n a l  45' l i n e  f o r  which 
t h e  observed  r e l a t i v e  f requency  ove r  t h e  e n t i r e  sample f o r  
each  f o r e c a s t  p r o b a b i l i t y  e x a c t l y  e q u a l s  t h a t  p r o b a b i l i t y .  
A t  Grea t  F a l l s ,  t h e  s i t u a t i o n  was r e v e r s e d .  O v e r a l l ,  t h e  
p r o b a b i l i t i e s  and t h e  observed  r e l a t i v e  f r e q u e n c i e s  a r e  
q u i t e  c l o s e  i n  many c a s e s ,  b u t  c o n s i d e r a b l e  room f o r  
improvement e x i s t s  i n  o t h e r  c a s e s .  
One c l e a r  r e s u l t  t h a t  does  emerge from Table  3  i s  
t h a t  l a r g e  d i f f e r e n c e s  e x i s t e d  i n  t h e  f r e q u e n c i e s  w i t h  which 
v a r i o u s  p r o b a b i l i t i e s  were used .  I n  g e n e r a l ,  F1 and F  3  
t ended  t o  have q u i t e  s i m i l a r  f r equency  d i s t r i b u t i o n s ,  whereas 
F2 was q u i t e  d i f f e r e n t .  A t  Great  F a l l s ,  t h e  ave rage  f o r e -  
c a s t s  were s i m i l a r  (0 .198  f o r  F1 and F  0.184 f o r  F 2 ) ,  b u t  3' 
t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  f o r e c a s t s  was much s m a l l e r  
f o r  F2 (0 .139 )  t h a n  f o r  F1 and F  (0.177 and 0.174,  3  
r e s p e c t i v e l y ) .  A t  S e a t t l e ,  on t h e  o t h e r  hand, t h e  s t a n d a r d  
d e v i a t i o n s  were s i m i l a r  (0.282 f o r  F1, 0 .291  f o r  F2 ,  and 
0.284 f o r  F 3 ) ,  b u t  t h e  ave rage  f o r e c a s t  was much l a r g e r  f o r  
F2 (0 .428 )  t h a n  f o r  F1 and F  (0.349 and 0 .351 ,  r e s p e c t i v e l y ) .  3  
I n  t e rms  of  s c o r i n g  r u l e s ,  PEATMOS performed s l i g h t l y  
b e t t e r  t h a n  t h e  f o r e c a s t e r s  a t  Grea t  F a l l s ,  b u t  t h e  r e v e r s e  
was t r u e  a t  S e a t t l e ,  a s  i n d i c a t e d  i n  Tab le  4 .  The s c o r i n g  
r u l e s  u sed  were t h e  q u a d r a t i c  r u l e  ( Q )  and  l o g a r i t h m i c  
r u l e  (L): 
2  1 0 0 ( 1  - Fi) i f  no ~ r e c i ~ i t a t i o n  
Q = 
loo[ l  - ( 1  - Fi12] i f  p r e c i p i t a t i o n  
P r o b a b i l i t y  
F o r e c a s t  
Tab le  3. R e l a t i v e  f requency  o f  p r e c i p i t a t i o n  a s  a  
f u n c t i o n  of  p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t .  
(Number of  f o r e c a s t s  i n  p a r e n t h e s e s )  
Grea t  F a l l s  S e a t t l e  
PEATMOS 
2  
0.012 (261)  
0 .000  ( 9 9 )  
0.008 (256)  
0.045 (603)  
0 .093  (699)  
0.217 (364)  
0.365 (233)  
0 .443  (106)  
0.478 ( 2 3 )  
0.000 ( 2 )  
----- ( 0 )  
----- ( 0 )  
----- ( 0  
Pos t  -PEATMOS 
F3 
0.005 (398)  
0.000 ( 3 )  
0.000 ( 2 6 )  
0.019 (952)  
0.097 (526)  
0 .233  (271)  
0 .248  (149)  
0.488 (172)  
0.409 (110)  
0.476 ( 2 1 )  
0.438 ( 1 6 )  
1 .000  ( 2 )  
----- ( 0 )  
PEATMOS 
F2 
0.000 ( 3 3 )  
0 .000  ( 2 5 )  
0.000 ( 2 8 )  
0 .063  ( 7 9 )  
0.118 (152)  
0.222 (158)  
0 .223  ( 9 4 )  
0.377 ( 6 1 )  
0.566 ( 5 3 )  
0.434 ( 5 3 )  
0.525 ( 9 9 )  
0.544 ( 9 0 )  
0 .571  ( 2 1 )  
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Table  4. Average s c o r e s  f o r  pre-PEATMOS (F1), 
PEATMOS ( F 2 ) ,  and p o s t  PEATMOS ( F  ) f o r e c a s t s .  3  
Grea t  F a l l s  S e a t t l e  
Quadra t i c  Logar i thmic  Q u a d r a t i c  Logar i thmic  
Type o f  Sco re  S c o r e  Sco re  Sco re  
F o r e c a s t s  Q L Q L 
92.36 -0.278 80.84 -0.565 
and 
l o g ( 1  - Fi) i f  no p r e c i p i t a t i o n  
L = 
l o g  Fi i f  p r e c i p i t a t i o n  
(i  = 1, 2, 3 ) .  I n  each c a s e ,  a  h igher  s c o r e  i n d i c a t e s  
b e t t e r  performance. Note t h a t  a t  both  Great F a l l s  and 
S e a t t l e ,  t h e  d i f f e r e n c e s  between t h e  average s c o r e s  f o r  
F1 and F  were q u i t e  smal l .  Note a l s o  t h a t  because S e a t t l e  3  
and Great F a l l s  exper ience  d i f f e r e n t  weather s i t u a t i o n s ,  
t h e  s c o r e s  f o r  S e a t t l e  and Great F a l l s  a r e  not comparable 
( t h a t  i s ,  t h e  r e s u l t s  do not n e c e s s a r i l y  imply, f o r  example, 
t h a t  t h e  f o r e c a s t e r s  a t  Great F a l l s  were " b e t t e r "  than  those  
a t  S e a t t l e  ) . 
Since we a r e  concerned wi th  t h e  aggrega t ion  of 
in fo rmat ion ,  t h e  change i n  t h e  f o r e c a s t e r s '  a s sessed  
p r o b a b i l i t i e s  a s  a  r e s u l t  of  examining t h e  PEATMOS fore -  
c a s t s  i s  of i n t e r e s t .  To i n v e s t i g a t e  t h i s  change, we 
cons ide r  a  r a t i o  (T) :  
Note t h a t  T  i s  only def ined f o r  cases  i n  which F2 # F1, s o  
t h a t  t h e  a n a l y s i s  i s  conf ined t o  those  cases .  The average 
value  of T  was 0.18 a t  Great F a l l s  and 0.20 a t  S e a t t l e  
( t h e  s t andard  e r r o r s  were 0.012 and 0.016, r e s p e c t i v e l y ) .  
Thus, on t h e  average,  t h e  f o r e c a s t e r s  s h i f t e d  t h e i r  f o r e c a s t s  
about 20% o f  t h e  d i s t a n c e  from t h e i r  o r i g i n a l  f o r e c a s t  t o  
t h e  PEATMOS f o r e c a s t .  O f  c o u r s e ,  we must keep i n  mind t h a t  
t h e  f a r e c a s t e r s  presumably had a l r e a d y  observed  a l l  o f  t h e  
o t h e r  a v a i l a b l e  i n f o r m a t i o n  s o u r c e s  b e f o r e  examining PEATMOS, 
s o  t h a t  F1 was made a f t e r  c o n s i d e r i n g  a  g r e a t  dea.1 of 
i n f o r m a t i o n .  PEATMOS might have had a  g r e a t e r  impact  on 
t h e  f o r e c a s t s  i f  F1 were made ve ry  e a r l y  i n  t h e  p r o c e s s  o f  
examining  i n f o r m a t i o n ,  and PEATMOS was then  observed .  
d )  D i s c u s s i o n  
The r e s u l t s  of  t h e  experiment  i n d i c a t e  t h a t  t h e  f o r e -  
c a s t e r s  d i d  no t  s h i f t  t h e i r  p r o b a b i l i t i e s  much i n  r e sponse  
t o  PEATMOS. F i r s t ,  t h e  r e s u l t s ,  i n  t e rms  of s c o r e s ,  f o r  t h e  
pre-PEATMOS f o r e c a s t s  and t h e  post-PEATMOS f o r e c a s t s  were 
v i ~ t u a l l y  i d e n t i c a l ,  w h i l e  t h e  r e s u l t s  f o r  PEATMOS were q u i t e  
d i f f e r e n t  . Second, t h e  computa t ions  i n v o l v i n g  t h e  r a t i o  T  
i n d i c a t e d  t h a t  t h e  s h i f t  i n  t h e  f o r e c a s t s  ( f rom F1 t o  F  ) 3 
was only  about  20% of t h e  d i s t a n c e  from t h e  pre-PEATMOS 
f o r e c a s t  t o  t h e  PEATMOS f o r e c a s t .  However, t h i s  r e s u l t  may 
be  p a r t i a l l y  due t o  t h e  r e s t r i c t i o n ,  imposed by t h e  expe r imen t ,  
t h a t  PEATMOS be  examined a f t e r  a l l  o t h e r  i n f o r m a t i o n  s o u r c e s  
had been observed  and t h e  pre-PEATMOS f o r e c a s t  had been made. 
I n  f u r t h e r  a n a l y s e s  o f  t h e  Great  F a l l s - S e a t t l e  d a t a ,  we 
a r e  conduc t ing  a  more d e t a i l e d  a n a l y s i s  of  t h e  r e l a t i o n s h i p s  
among t h e  pre-PEATMOS f o r e c a s t s ,  t h e  PEATMOS f o r e c a s t s ,  and 
t h e  post-PEATMOS f o r e c a s t s  and ,  w i t h i n  t h e  l i m i t s  imposed 
by t h e  sample s i z e ,  we a r e  i n v e s t i g a t i n g  t h e  e f f e c t s  of  
f a c t o r s  such  a s  t h e  i n d i v i d u a l  f o r e c a s t e r ,  t h e  l e a d  t i m e  of  
t h e  f o r e c a s t ,  and t h e  l o c a t i o n  f o r  which t h e  f o r e c a s t  was 
p r e p a r e d .  A p a r t i c u l a r  l i n e  o f  a n a l y s i s  t h a t  seems 
p romis ing  i s  t o  use  Bayes'  theorem t o  r e v i s e  t h e  pre-PEATMOS 
f o r e c a s t s  on t h e  b a s i s  o f  PEATMOS, u s i n g  d a t a  r e l a t i v e  t o  
t h e  performance o f  PEATMOS t o  o b t a i n  l i k e l i h o o d s  f o r  t h e  
formal  a p p l i c a t i o n  of  Bayesl theorem. 5 
The r e s u l t s  o f  t h i s  exper iment  have i m p l i c a t i o n s  w i t h  
r e g a r d  t o  t h e  r e l a t i v e  impor tance  o f  guidance  f o r e c a s t s  
i n  t h e  s u b j e c t i v e  p r e c i p i t a t i o n  p r o b a b i l i t y  f o r e c a s t i n g  
p r o c e s s .  When such  f o r e c a s t s  a r e  examined l a s t ,  t h e y  a p p e a r  
t o  have l i t t l e  impact upon t h e  f o r e c a s t e r s 1  p r e c i p i t a t i o n  
p r o b a b i l i t i e s  and even l e s s  impact upon t h e i r  performance,  
a s  measured by s c o r i n g  r u l e s . 6  The r e s u l t s  shou ld  a l s o  have 
i m p l i c a t i o n s  f o r  t h e  i n t u i t i v e  r e v i s i o n  o f  p r o b a b i l i t i e s  on 
t h e  b a s i s  of  a d d i t i o n a l  i n f o r m a t i o n ,  a l t h o u g h  f u r t h e r  a n a l y s i s  
i s  needed t o  f u l l y  i n v e s t i g a t e  t h e s e  i m p l i c a t i o n s .  
5 .  Summary 
I n  t h i s  pape r  we have d i s c u s s e d  t h r e e  exper iments  
i n v o l v i n g  s u b j e c t i v e  p r o b a b i l i t y  f o r e c a s t i n g  i n  meteorology.  
The t h r e e  exper iments  were conducted i n  o p e r a t i o n a l  s e t t i n g s  
and t h e  p a r t i c i p a n t s  were expe r i enced  weather  f o r e c a s t e r s .  
Thus, t h e  expe r imen t s  were more r e a l i s t i c  t h a n  most expe r imen t s  
t h a t  have been  conducted  i n  t h e  a r e a  o f  s u b j e c t i v e  p r o b a b i l i t y  
f o r e c a s t i n g .  Even though t h e  r e s u l t s  p r e s e n t e d  h e r e  do n o t  
r e p r e s e n t  a thorough,  complete a n a l y s i s  o f  t h e  d a t a  from t h e  
t h r e e  expe r imen t s ,  t h e s e  r e s u l t s  have obvious i m p l i c a t i o n s  
f o r  p r o b a b i l i t y  f o r e c a s t i n g  i n  meteoro logy.  The Denver 
exper iment  i n d i c a t e s  t h a t  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  
f o r e c a s t i n g  i s  f e a s i b l e ,  and t h a t  t h e  p rocedures  u sed  i n  
t h e  exper iment  cou ld  be ve ry  u s e f u l  i n  t e m p e r a t u r e  f o r e c a s t i n g  
i n  p r a c t i c e .  The S t .  Louis  experiment  i n d i c a t e s  t h a t  t h e  
v a r i a b l e s  o f  concern  i n  p r o b a b i l i t y  f o r e c a s t i n g  i n  meteorology 
must be  c a r e f u l l y  d e f i n e d  and t h a t  a  b e t t e r  u n d e r s t a n d i n g  
o f  t h e  r e l a t i o n s h i p s  among v a r i o u s  p r o b a b i l i t i e s  ( e . g .  p o i n t  
and a r e a  p r o b a b i l i t i e s  of  p r e c i p i t a t i o n )  may improve t h e  
f o r e c a s t e r ' s  a b i l i t y  t o  de t e rmine  p r o b a b i l i t y  f o r e c a s t s .  
The Grea t  F a l l s - S e a t t l e  exper iment  i n d i c a t e s  t h a t  a  gu idance  
f o r e c a s t  may have l i t t l e  impact  o f  t h e  f o r e c a s t e r ' s  
p r e c i p i t a t i o n  p r o b a b i l i t y  when t h i s  ( g u i d a n c e )  f o r e c a s t  i s  
t h e  l a s t  i n f o r m a t i o n  s o u r c e  examined (however, s e e  Footnote  5 )  
and t h a t  an a n a l y s i s  o f  t h e  p r o c e s s  by which wea the r  f o r e -  
c a s t e r s  a g g r e g a t e  i n f o r m a t i o n  t o  a r r i v e  a t  a  p r o b a b i l i t y  
f o r e c a s t  s h o u l d  be  ve ry  u s e f u l .  
I n  a d d i t i o n  t o  t h e i r  obvious  i m p l i c a t i o n s  f o r  p r o b a b i l i t y  
f o r e c a s t i n g  i n  meteoro logy,  t h e  t h r e e  expe r imen t s  d i s c u s s e d  
h e r e  have p o t e n t i a l l y  impor t an t  i m p l i c a t i o n s  f o r  s u b j e c t i v e  
p r o b a b i l i t y  f o r e c a s t i n g  ( o r  more b r o a d l y ,  f o r  human behav io r  
i n  i n f e r e n t i a l  and dec is ion-making  s i t u a t i o n s )  i n  g e n e r a l .  
Exper iments  conce rn ing  human b e h a v i o r  i n  r e a l i s t i c  i n f e r e n t i a l  
and dec is ion-making  s i t u a t i o n s  have impor t an t  i m p l i c a t i o n s  
f o r  t h e  t h e  d e t e r m i n a t i o n  of i n p u t s  f o r  formal  models,  t h e  
t r a i n i n g  and u t i l i z a t i o n  of  e x p e r t s ,  t h e  r o l e s  of  humans and 
computers ,  t h e  g a t h e r i n g  and s ~ m m a r i z i n g  o f  i n f o r m a t i o n ,  and 
many o t h e r  impor tan t  q u e s t i o n s .  The u l t i m a t e  p r a c t i c a l  
q u e s t i o n  w i t h  r e g a r d  t o  s t u d i e s  o f  human b e h a v i o r  i n  
i n f e r e n t i a l  and decision-making.situations i s :  How does  a  
h igh ly -mot iva t ed ,  e x p e r i e n c e d  i n d i v i d u a l  i n  an  o p e r a t i o n a l  
s e t t i n g  i n  h i s  a r e a  of  e x p e r t i s e ,  g iven  a p p r o p r i a t e  feedback  
r e g a r d i n g  p a s t  p r e d i c t i o n s  and d e c i s i o n s  and r e g a r d i n g  t h e  
dec is ion-making  p roces s  i t s e l f ,  per form i n f e r e n t i a l  and 
dec is ion-making  t a s k s ,  and can h i s  performance be improved 
upon i n  any manner? The expe r imen t s  d i s c u s s e d  h e r e i n  
r e p r e s e n t  a  modest s t e p  i n  t h e  d i r e c t i o n  o f  s t u d y i n g  c e r t a i n  
a s p e c t s  of  t h i s  q u e s t i o n .  Moreover, we f e e l  t h a t  t h e  
f o r e c a s t e r s '  per formances  i n  a l l  t h r e e  o f  t h e s e  expe r imen t s  
cou ld  be improved and t h a t  f u r t h e r  work i n  t h i s  r e g a r d  
would be  most v a l u a b l e .  
Foo tno te s  
I Space p r o h i b i t s  a  thorough d i s c u s s i o n  o r  a  complete  
a n a l y s i s  of  t h e  expe r imen t s  d e s c r i b e d  i n  t h i s  p a p e r ,  and i n  
for thcoming p a p e r s  we i n t e n d  t o  d i s c u s s  each  of  t h e  
expe r imen t s  i n  much g r e a t e r  d e t a i l .  
2 ~ h i l e  t h e s e  i n t e r v a l s  a r e  t o o  " t i g h t , "  t hey  a r e  no t  
a s  t i g h t  a s  t h e  d i s t r i b u t i o n s  o b t a i n e d  i n  many o t h e r  
expe r imen t s  i n v o l v i n g  p r o b a b i l i t y  assessment  ( e . g .  A l p e r t  
and R a i f f a ,  [l] ; S t a e l  von H o l s t e i n ,  L8J ) .  We a t t r i b u t e  
t h e  f o r e c a s t e r s t  performance i n  t h i s  experiment  t o  t h e  
d e g r e e  of  t h e i r  ( s u b s t a n t i v e )  e x p e r t i s e ;  f o r  t h e  most p a r t  
t h e  p a r t i c i p a n t s  i n  o t h e r  expe r imen t s  were n o t  e x p e r t s  i n  
t h e  a r e a s  o f  concern  o r  t h e  u n c e r t a i n  q u a n t i t i e s  of  
i n t e r e s t  were of  t h e  almanac t y p e .  
3 ~ o r  example,  f a c t o r s  such  a s  p r e c i p i t a t i o n  t y p e ,  
p r e c i p i t a t i o n  amount ( i  .e .  a  t r a c e  v e r s u s  a  measurable  
amount ) ,  and topography a p p a r e n t l y  cause  f o r e c a s t e r s  t o  
u s e  d i f f e r e n t  d e f i n i t i o n s  i n  d i f f e r e n t  s i t u a t i o n s .  
 he numbers t h a t  c o u l d  be  used  f o r  p o i n t  p r o b a b i l i t y  
f o r e c a s t s  were l i m i t e d  t o  0 .00 ,  0 .02 ,  0 .05 ,  0 .10 ,  0 .20 ,  
0 .30 ,  0 .40 ,  0 . 5 0 ,  0 .60 ,  0 .70 ,  0 . 5 0 ,  0 .90 ,  and 1 . 0 0 .  
5 ~ n  u s i n g  Bayesf  theorem i n  t h i s  a n a l y s i s ,  we would l i k e  
t o  work w i t h  d a t a  r e g a r d i n g  PEATMOS t h a t  i s  c o n d i t i o n a l  upon 
t h e  o t h e r  i n f o r m a t i o n  a l r e a d y  examined by t h e  f o r e c a s t e r .  
However, t h e  a v a i l a b l e  d a t a  conce rn ing  t h e  performance of  
PEATMOS a r e  u n c o n d i t i o n a l  i n  n a t u r e ,  s o  t h a t  i n  u s i n g  t h e s e  
d a t a  w e a r e  i m p l i c i t l y  assuming t h a t  PEATMOS i s  c o n d i t i o n a l l y  
independent  o f  t h e  o t h e r  i n f o r m a t i o n .  
6 ~ e  should  n o t e ,  however, t h a t  p r e c i p i t a t i o n  i n  t h e  
l o c a t i o n s  of  concern  i n  t h i s  experiment  i s  s t r o n g l y  i n f l u e n c e d  
by l o c a l  ( e . g .  t o p o g r a p h i c a l )  e f f e c t s ,  and t h a t  t h e  PEATMOS 
t e c h n i q u e  does  n o t ,  as y e t ,  s a t i s f a c t o r i l y  t a k e  account  o f  
t h e s e  e f f e c t s .  Thus, t h e  i m p l i c a t i o n s  of  t h e  r e s u l t s  o f  
t h i s  exper iment  a r e  more l i k e l y  t o  be a p p l i c a b l e  i n  a r e a s  
o f  t h e  c o u n t r y  i n  which such  e f f e c t s  a r e  prominent .  
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